Session No. 27b


Course Title: Building Disaster Resilient Communities

Session Title: Creating Resilience in Hurricane/Wind Hazard Areas

Author: David Godschalk, University of North Carolina at Chapel Hill

Time: 75 minutes


Objectives:

27b.1
Understand the nature of threats posed by hurricanes, severe thunderstorms, and high winds.

27b.2
Identify potential impacts of hurricanes and high winds on structural design elements and structures.

27b.3
Identify the mitigation programs and requirements that mitigate hurricane and high wind hazards, including building codes, code enforcement, design standards, land use regulations, and others.


Scope:

This portion of the session covers the particular nature of threats posed by hurricanes and high winds. The instructor reviews the types of impacts of hurricanes and high winds on structural elements and complete structures.  The instructor leads a discussion of governmental programs and requirements available to mitigate hurricane and high wind hazards, including building codes, code enforcement, design standards, land use regulations, and others. If time permits, a critique of the Hurricane Andrew case is used to engage the students in analyzing the problems and challenges of preparing and implementing a high-wind hazard mitigation program.


Reading:

Student and Instructor Reading:

Godschalk, David R., et al. 1999. “Chapter Three. Florida After Hurricane Andrew,” In Natural Hazard Mitigation: Recasting Disaster Policy and Planning. Washington, DC: Island Press, pp. 103-159.

Additional Instructor Readings:

Godschalk, David R., David Brower, and Timothy Beatley. 1989. Chapter Two.  “Alternative Approaches to Mitigation,” In Catastrophic Coastal Storms. Durham, NC: Duke University Press, pp. 23-48.

FEMA. 1993. Against the Wind: Protecting Your Home from Hurricane Wind Damage. Washington, D.C.: FEMA. 5 pp.

FEMA. 1997. Multi-Hazard Identification and Risk Assessment. Washington, DC: FEMA. Ch. 1, Tropical Cyclones, pp. 9-25; Ch. 3, Tornadoes, pp. 37-47; Ch. 4.,  Windstorms, pp. 49-55.

FEMA. Nd. Project Impact: Building a Disaster Resistant Community. Washington, DC: FEMA. Checklist: Mitigation Measures.                

FEMA. 2000. Coastal Construction Manual.  FEMA 55.Washington, D.C.: FEMA.

Florida Division of Emergency Management. 1993. “The Governor’s Disaster Planning and Response Review Committee Final Report.” Hurricane Andrew. (The Lewis Report)  On the Internet at: http://w.w.w.floridadisaster.org/dem/demresrs.htm.


General Requirements:

The content should be presented as lecture, with class discussion of the Hurricane Andrew case from the reading at the conclusion, if time permits. Use the overheads to help in structuring the discussion:

1. Nature of hurricane and high wind threats.

2. Impacts of hurricanes and high winds on structural design elements and structures

3. Mitigation programs for hurricanes and high winds


Objective 27b.1  Understand the nature of threats posed by hurricanes and high winds.

Requirements:
The content should be presented as lecture.

Remarks:

I.
High wind hazards occur during hurricanes, tornadoes, windstorms, and other extreme natural events, posing major threats to life and property (Overhead 27b.1).  

A.
Unlike flood and earthquake hazard areas, high wind hazard zones are not systematically mapped. 

1.
The state of the art for defining wind hazard zones at a small scale lags behind that for flooding and storm surge.

2.
However, hurricane wind areas along coastlines generally coincide with hurricane hazard areas. 

3.
Tornado hazard areas also are generally known, as are windstorm hazard areas, which are sometimes mapped for insurance rate-setting purposes (note: these zones typically encompass hundreds of square miles).

II.
High wind hazards pose threats to all structures and populations in their paths. 

A.
Structural failures due to high wind stresses occur to residential, commercial, industrial, and public buildings, as well as bridges, highways, and other structures. 

B.
Damage occurs not only from wind stresses, but also from flying debris from damaged buildings and from water damage to the interiors of buildings whose outer skin is ruptured by high winds.

III.
Principal sources of hazards.

A.
Hurricanes. 

1.
Hurricanes, tropical storms, and typhoons, collectively known as tropical cyclones, are among the most devastating of U.S. natural hazards (FEMA, 1997, Multi-Hazard Identification and Risk Assessment, p. 10). 

a.
Between 1977 and 1997, more than 75 Federal disaster declarations involved tropical cyclones. 

b.
More than 36 million people live in the counties along the Gulf of Mexico and the Atlantic Coast, the areas most susceptible to these storms (which are referred to here by the popular name of hurricanes).

2.
Hurricanes are classified by the Safir/Simpson scale into five categories based on central pressure, wind speed, storm surge height, and damage potential. (See Table 27.1.)

Table 27.1. Safir/Simpson Hurricane Scale. 

	Scale
	Central Pressure (in.)
	Wind Speed (mph)
	Storm Surge (feet)
	Potential Damage

	1
	>28.94
	74-95
	4-5
	Minimal

	2
	28.5-28.91
	96-110
	6-8
	Moderate

	3
	27.91-28.47
	111-130
	9-12
	Extensive

	4
	27.17-27.88
	131-155
	13-18
	Extreme

	5
	<27.17
	>155
	>18
	Catastrophic


B.
Tornadoes.  

1.
Tornadoes are spawned by severe thunderstorms, at a rate of about 1,000 per year. 

2.
Tornadoes have lifted and moved huge objects and destroyed or moved whole buildings.  

3.
During the past 20 years, 106 Federal disaster declarations have included damage from tornadoes.  

4.
Because tornadoes follow the path of least resistance, areas located in valleys are the most exposed to them.

5.
The most susceptible area of the U.S. is Tornado Alley, including parts of Texas, Oklahoma, Arkansas, Missouri, and Kansas  (FEMA, 1997, Multi-Hazard Identification and Risk Assessment, p.38).  

6.
Tornado damage is measured by the Fujito Tornado Scale, which assigns values from 0 to 5, based on wind speeds. (See Table 27.2)

Table 27.2. Fujito Tornado Scale. (Source: FEMA, 1997, p. 40) 

	Scale Value
	Wind Speed (mph)
	Damage Description

	0
	40-72
	Light

	1
	73-112
	Moderate

	2
	113-157
	Considerable

	3
	158-206
	Severe

	4
	207-260
	Devastating

	5
	261-318
	Incredible


C.
Windstorms. 

1.
Extreme winds other than tornadoes are experienced in all regions of the U.S.  

2.
Over the past 20 years, 193 Federal disaster declarations involved wind-induced damage. 

3.
Those regions with the highest wind speeds are the Gulf of Mexico, Atlantic Coast, and Alaskan Coast. 

4.
Isolated high wind events occur locally in mountainous regions (FEMA, 1997, Multi-Hazard Identification and Risk Assessment, p. 50).


Objective 27b.2 Potential impacts of hurricanes and high winds on structural design elements and structures.

Requirements:
The content should be presented as lecture.

Remarks:

I.
Winds exert pressure on structure walls, doors, windows, and roofs, causing them to fail (Overhead 27b.2). 

A.       Positive wind pressure pushes walls, doors, and windows inward. 

B.       Negative pressure creates lift and suction forces that pull building

            components and surfaces outward. 

C.
Internal pressures exert outward forces. 

D.
Debris carried by winds can rupture building surfaces and injure people. 

E.
Wind forces are magnified in the upper levels of multi-story buildings. 

II.
For analyzing wind impacts, two types of structures can be distinguished. 

A.
Residential structures typically are designed to withstand smaller impacts than engineered structures. 

1.
Residential structures may be designed by builders, while engineered structures must be designed by certified professionals—registered architects or engineers. 

2.
Separate building codes apply to the two types.

B.
Residential structural design elements are critical to enhanced wind resistance (see figures in FEMA, 1993, Against the Wind). The most common roof type is the gable end, which looks like a triangle with the point up and is constructed with roof trusses spanning across the house walls. Experience has shown that certain construction practices are essential to wind resistance:

1.
Roof type: gabled roofs present a flat surface to high winds; thus are more likely to suffer hurricane damage than other roof types, and can collapse if not properly braced

2.
Truss bracing: roof trusses must be braced horizontally to present them from collapsing under high wind stress

3.
Gable end bracing: additional “x” pattern bracing is needed to ensure that gable ends do not collapse.

4.
Roof to wall connections: metal hurricane straps are installed to help to hold the roof to the walls under high wind stress.

5.
Exterior doors: both house and garage doors should be strong enough to resist hurricane winds..

6.
Exterior windows: window glass should be protected with manufactured metal or wood storm shutters or individually installed plywood storm shutters.


Objective 27b.3 Identify the mitigation programs and requirements that mitigate hurricane and high wind hazards, including building codes, code enforcement, design standards, land use regulations, and others.

Requirements:
The content should be presented as lecture.

Remarks:

I.
Mitigation of building damage from hurricanes has been most successful where strict building codes for high-wind influence areas and designated special flood hazard areas have been adopted and enforced by local governments, and complied with by builders (FEMA, 1997, p. 23) (Overhead 27b.3).  

A.
Communities without building codes do not have the ability to ensure that structures can resist hurricane winds. And buildings constructed before building codes were adopted are more susceptible to damage. 

B.
Modification of existing buildings to incorporate hurricane-resistant construction can be done when buildings are improved or repaired following a storm, along with other retrofit measures, such as the addition of storm shutters. 

C.
Land use regulations also can aid in mitigation by limiting development in known areas of high risk.

D.
Mitigation of damage from tornadoes is similar to that of hurricanes. 

1.
The greatest protection is afforded by quality construction and reinforcement of walls, floors, and ceilings. 

a.
Proper anchoring of walls to foundations and roofs to walls is essential (FEMA, 1997, p. 46). 

b.
Code adoption, enforcement, and compliance can reduce risks in tornado-prone areas. 

c.
Residential and reinforced in-residence shelters can reduce loss of life and injury.  

d.
Reinforced in-residence shelters or retrofitting an interior room are potential mitigation actions.

E.
Windstorm mitigation relies on building code adoption, enforcement, and compliance.  

1.
Both new construction and retrofit should follow construction standards for cladding, shuttering, debris-resistant materials.  

2.
Buildings can be evaluated for their wind-resistance capability with a classification system published by the Insurance Institute for Property Loss Reduction (1994, Understanding the Wind Peril.)  

a.
This system is based on building type and construction features. 

b.
It allows for evaluation of the weak points of existing buildings, enabling owners to take corrective actions, and for identifying individual buildings for evacuation because of poor resistivity (FEMA, 1997, p. 54).

II.
Building Codes.

A.
The building code is the primary tool used by local governments to regulate the construction, alteration, maintenance, repair or demolition of structures. 

1.
The two types of building codes are:

a.
Performance-oriented codes, which formulate the objective while giving flexibility to the construction materials and methods to achieve the objective.

b.
Specification-oriented codes, which describe in detail exactly what construction materials and methods shall be used.

2.
The South Florida Building Code, in effect at the time of Hurricane Andrew, is an example of a specification-oriented code (FEMA, 1992, Interagency Hazard Mitigation Team Report: 955-DR-FL, p. 57). 

a.
Its design standard is a 120 mph wind measured at 30 feet elevation above the ground. 

b.
This corresponds to a Category 3 Hurricane on the Saffir/Simpson scale (111-130 mph winds). Andrew’s winds exceeded 140 mph, so it was a Category 4 hurricane.

B.
There are several important issues relative to building codes:

1.
The code must be adopted to be effective.


a.
33 states have adopted statewide building codes.


b.
In other states, adoption must occur at the local level.

c.
Unfortunately, many areas of the country (especially unincorporated areas of rural counties) have not adopted building codes. 

d.
And there is an unfortunate degree of resistance to such adoption in many of these areas. 

i.
For example, most of the South Carolina counties outside of Charleston had not adopted building codes at the time of Hurricane Hugo in 1989

2.
The code must be enforced to be effective (see Session 20).

3.
Compliance with the code by designers, builders and developers is critical to effectiveness.

C.
There is an ongoing debate over model building codes. Different regions of the country have adopted different codes, including the Uniform Building Code, the National Building Code, and the Southern Standard Building Code. Uniformity is being sought through the proposed International Building Code. 

1.
The insurance industry is a major stakeholder in the debate over adoption of effective building codes. This has sometimes put them in conflict with the construction and home building industry, which is concerned about the cost of additional code standards. The Institute for Business & Home Safety (IBHS), which represents the insurance industry, has set the goal of having each state adopt a state-mandated building code based on the following model codes: 

a.
The International Building Code (IBC).

b.
The International Residential Code (IRC).

2. A number of questions were raised about the effectiveness of the South Florida Building Code by the FEMA Interagency Hazard Mitigation Team following Hurricane Andrew, in which buildings built after 1980 were more likely to experience damage than those built earlier, possibly due to inadequate building code standards or enforcement or both:

a.
Current code requirements may be inadequate to prevent damage from hurricanes. 

b.
Elements that failed most frequently included roofing, doors and windows, garage doors, anchorage connections, and wood frame gable ends of roof structures.

c.
Mobile and manufactured homes were totally unable to withstand hurricane forces.

d.
Many structures failed due to inadequate window protection.

3.
Inadequate enforcement is also a major issue, as shown by the findings of the FEMA Interagency Hazard Mitigation Team following Hurricane Andrew:

a.
Due to the rapid pace of development, unlicensed or unqualified contractors were practicing in the construction trades.

b.
Budget constraints kept building inspection offices understaffed and prevented inspectors from keeping pace with the rate of construction.

c.
Design deficiencies may have contributed to structural failures, due to a lack of review of structural design by licensed architects and engineers.

4.
Inadequate compliance is the third major issue. 

a.
One-fourth of the $16 billion in insured losses from Hurricane Andrew were attributed to code violations. 

b.
Studies of compliance with building codes have shown that a “facilitative” model, which concentrates on working cooperatively with regulated firms and individuals, can be more effective than a strict regulatory approach (See Session 20).

III.
Design Standards. 

A.
The American Society of Civil Engineers has issued a new standard for building design—Minimum Design Loads for Buildings and Other Structures, ASCE 7-98 (Washington, DC: ASCE, 2000).  

1.
This new standard provides requirements for various structural loads, including wind loads, which are suitable for building codes. It replaces ASCE 7-95.

IV.
Other Mitigation Tools.  

A.
In addition to building codes, other wind hazard mitigation tools include:

1.
Limiting development in high hazard areas through zoning.

2.
Requiring setbacks of development in high hazard areas.

3.
Preserving natural environmental features that could buffer development from wind hazards. 

4.
As seen in the Hurricane Andrew recovery, provision of storm shutters can be an effective mitigation tool. 

B.
Wind hazard mitigation approaches should be developed as multi-hazard packages of tools that are coordinated with each other and that address the full scope of hazards faced by the area.

1.
The FEMA (n.d.) Checklist of Mitigation Measures includes:

a.
Electrical: 

i.
Higher grade power poles. 

ii.
Guy wires on poles.

iii.
Emergency back-up power for critical facilities.

iv.
Remove communication lines on power poles that cause unacceptable loads.

v.
Keep right of way around power lines free of trees or limbs.

b.
Traffic: 

i.
Protect traffic lights and controls from high winds.

c.
Vegetation: 

i.
Thin trees to reduce wind damage. 

ii.
Plant wind resistant species.

d.
Emergency shelters: 

i.
Structurally analyze shelter buildings or rooms.

ii.
Strengthen as necessary.

e.
Buildings: 

i.
Install shutters on doors and windows.

ii.
Secure roof-mounted equipment.

iii.
Install hurricane straps and tie-downs.

iv.
When re-roofing--refasten roof sheathing. 

v.
Add additional water protection layer and avoid gravel or ballast, which could become flying missiles.

vi.
Consider underground electrical service.

vii.
Add roof truss bracing. 

viii.
Add reinforced columns and bond beams to un-reinforced masonry walls.

ix.
Minimize window openings.

x.
Use a wind-resistant exterior wall finish.

xi.
Inspect pre-engineered metal buildings and strengthen as necessary.

V.
Hurricane Andrew Case Study.


Notes to Instructor:

A.
If time permits, ask the students to discuss and critique the wind hazard mitigation measures in place before and after Hurricane Andrew, in terms of their contribution to long-term community resiliency.

B.
Use the following questions to structure the discussion:

1.
Who is responsible for ensuring that adequate building code standards are adopted? What is the role of the emergency manager? The design professions? The insurance providers? The state government?

2.
How can adequate code enforcement be ensured? Should the emergency manager be involved? Can a reporting and monitoring system be helpful?

3.
What can be done to increase compliance with hazard mitigation standards in local codes and ordinances? Could a targeted public information campaign be helpful? Seminars and workshops for builders and developers? Education programs for architects and engineers?

4.
To what extent did the largely wind-related nature of Hurricane Andrew damage bias the recovery and mitigation efforts? Was it reasonable to devote such a large portion of the mitigation budget to the provision of storm shutters for public buildings?

























PAGE  
27b - 1

